Bacillus crassostreae sp. nov., isolated from an oyster (Crassostrea hongkongensis) 
The genus Bacillus in the family Bacillaceae, belonging to the phylum Firmicutes, contains several phylogenetically distinct groups on the basis of 16S rRNA gene sequence analysis (Ash et al., 1991; Stackebrandt & Liesack, 1993; Nielsen et al., 1994; Ventosa et al., 1998; Schlesner et al., 2001; Yoon et al., 2004; Carrasco et al., 2007) . Members of the genus Bacillus are generally characterized to be Grampositive, rod-shaped, endospore-forming, aerobic or facultatively anaerobic, and have menaquinone-7 (MK-7) as the major respiratory quinone, and phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids and iso-/anteiso-C 15 : 0 as the predominant cellular fatty acids (Priest et al., 1988; Ash et al., 1991; Kämpfer, 1994; Täubel et al., 2003; Ahmed et al., 2007; Zhang et al., 2010; Kosowski et al., 2014) . During an investigation of the diversity of the microbial population of invertebrates inhabiting Naozhou Island (20 u 52-569 N 110 u 33-389 E) in the South China Sea (Huang et al., 2009; Xiao et al., 2009 Xiao et al., , 2013 , a number of novel taxa have been isolated (Chen et al., 2009a (Chen et al., , b, c, 2010 (Chen et al., , 2011a . Here we describe the taxonomic properties of an endosporeforming, Gram-stain-positive bacterium, designated strain JSM 100118 T , which was isolated from an oyster (Crassostrea hongkongensis) collected from the tidal flat of Naozhou Island. Based on the results of a taxonomic study using a polyphasic approach, this strain is considered to represent a novel species of the genus Bacillus.
Strain JSM 100118
T was isolated from a homogenate of an oyster using a standard dilution plating technique on marine agar 2216 (MA; Difco) at 30 u C for 2 weeks. After primary isolation and purification, the isolate was maintained as serial transfers on MA slants, as lyophilized cultures at 4 u C and deep-frozen at -80 u C in 20 % (v/v) T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany), and were used as reference strains for comparison in the study. Unless indicated otherwise, morphological, physiological and molecular studies were performed with cells grown on MA (pH 7.5) at 35 u C.
In order to phenotypically characterize strain JSM 100118 T , standard phenotypic tests were performed. The recommended minimal standards for describing new taxa of aerobic, endospore-forming bacteria were followed (Logan et al., 2009) . Cell morphology was examined by using a Leica DM3000 microscope equipped with phase-contrast optics with cells grown on MA plus 10 mg MnSO 4 for 1-6 days at 35 u C and 7-10 days at room temperature (18-20 u C). The Gram staining and the KOH lysis test were carried out according to Smibert & Krieg (1994) and Gregersen (1978) , respectively. Growth in the absence of NaCl was investigated on nutrient agar (NA) and in nutrient broth (NB) prepared according to the formula of Atlas (1993) except for the addition of NaCl. Tolerance of NaCl was tested on NA as well as in NB at different NaCl concentrations [0.1 and 0.5 % (w/v), and 1-30 % (w/v) in increments of 1 %]. Growth was tested at various temperatures (4, 5-55 u C in increments of 5 u C) and at different pH (5.0-11.0, in increments of 0.5 pH units) on MA and NA and in NB. The buffer solutions described by Chen et al. (2007) were used for pH experiments. Methyl red and Voges-Proskauer tests and determination of H 2 S production from L-cysteine, hydrolysis of aesculin, indole production, nitrate and nitrite reduction were performed as recommended by Smibert & Krieg (1994) using media supplemented with 3 % NaCl. Hydrolysis of casein, cellulose, gelatin, starch, Tweens 20, 40, 60 and 80, and urea was determined as described by Cowan & Steel (1965) . Growth under anaerobic conditions was determined on MA and NA, with or without 0.1 % (w/v) nitrate, using the GasPak Anaerobic Systems (BBL) according to the manufacturer's instructions. Determination of acid production from carbohydrates and utilization of carbon and nitrogen sources was performed as recommended by Ventosa et al. (1982) . Observation of motility and tests for catalase and oxidase activities were detected as described previously (Chen et al., 2007) . Citrate utilization and other enzymic activities were assayed using API 20E and API ZYM strips (bioMérieux) according to the manufacturer's instructions with 3 % (w/v) NaCl. All physiological and biochemical tests were repeated three times.
Cells of strain JSM 100118
T were Gram-stain-positive, motile, facultatively anaerobic rods, producing endospores which were oval and located sub-terminally in swollen sporangia. Colonies were creamy grey, non-transparent, low convex with circular/slightly irregular margins and 2-3 mm in diameter after incubation on MA (pH 7.5) at 35 u C for 2-3 days. The strain grew optimally in the presence of 2-5 % (w/v) NaCl, at pH 7.5 and at 30-35 u C. Detailed phenotypic properties that differentiate strain JSM 100118
T from related species of the genus Bacillus are included in Table 1 and the species description.
Genomic DNA was isolated according to Hopwood et al. (1985) and the G+C content was determined by reversedphase HPLC of nucleosides according to the protocol of Mesbah et al. (1989) . The 16S rRNA gene sequence was amplified by PCR and sequenced as described by Cui et al. (2001) . Pairwise sequence similarities were calculated using a global alignment algorithm implemented at the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Phylogenetic analysis was performed using the software package MEGA 6 (Tamura et al., 2013) after multiple alignment of sequence data by CLUSTAL X (Thompson et al., 1997) . Distances were calculated using distance options according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms integrated in the MEGA 6 software package for phylogenetic inference. Bootstrap analysis was used to evaluate the tree topology by means of 1000 resamplings (Felsenstein, 1985) . After the DNA was purified to an absorbance ratio of A260 nm versus A280 nm greater than 1.8, DNA-DNA hybridization experiments were performed according to the optical renaturation method (De Ley et al., 1970; Huß et al., 1983; Jahnke, 1992) , using a UV-1206 spectrophotometer (Shimadzu) equipped with a TB-85 thermo-bath.
The DNA G+C content of strain JSM 100118 T was 35.9 mol%. This value is within the range for the genus Bacillus and similar to that of B. litoralis (35.2 mol%; Yoon & Oh, 2005) and B. herbersteinensis (36.2-36.9 mol%; Wieser et al., 2005) , but lower than that of B. halosaccharovorans (42.6 mol%; Mehrshad et al., 2013) and B. niabensis (37.7-40.9 mol%; Kwon et al., 2007) Kwon et al., 2007) and B. herbersteinensis D-1,5a
T (97.1 %; Wieser et al., 2005) . Sequence similarity values of equal to or lower than 96.6 % were observed with other species of the genus Bacillus. In the neighbour-joining phylogenetic tree, strain JSM 100118 T and the type strain of B. litoralis formed a robust sub-branch with a significant bootstrap support (99 %) (Fig. 1) Wayne et al. (1987) for the definition of members of a species. Therefore, it would appear that on the basis of phylogenetic and DNA-DNA hybridization data, strain JSM 100118
T constituted a different taxon separated from other species of the genus Bacillus according to accepted criteria (Wayne et al., 1987; Stackebrandt & Goebel 1994) .
Biomasses used for chemotaxonomic analyses were obtained from cultures grown in marine broth 2216 (Difco; pH 7.5) in flasks on a rotary shaker (with shaking at 180 r.p.m.) at 35 u C for 3 days. Amino acids of whole-cell hydrolysates were analysed as described by Hasegawa et al. (1983) . Isoprenoid quinones were analysed by HPLC as described by Groth et al. (1996) . Polar lipids were extracted according to the method of Minnikin et al. (1979) and were identified by twodimensional TLC and spraying with appropriate detection reagents (Collins & Jones, 1980) . Fatty acids were determined according to Sasser (1990) using the Microbial Identification System (MIDI).
The chemotaxonomic data for strain JSM 100118 T were consistent with the assignment of this strain to the genus Bacillus. Strain JSM 100118
T possessed a cell-wall peptidoglycan type based on meso-diaminopimelic acid as the diagnostic diamino acid. The strain contained MK-7 (96.9 %) as the predominant menaquinone, with MK-6 (1.9 %) and MK-8 (1.2 %) present in minor amounts. The polar lipids consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, an unknown glycolipid and an unknown phospholipid (Fig. S1 , available in the online Supplementary Material). The fatty acid profile of strain JSM 100118
T was similar to those of the type strains of related species of the genus Bacillus, although there were differences in the proportions of some fatty acids (Table S1 ; Yoon & Oh, 2005; Mehrshad et al., 2013; Kwon et al., 2007; Wieser et al., 2005) . The major fatty acids (.10 % of the total) of the novel isolate were anteiso-C 15 : 0 (29.8 %), iso-C 15 : 0 (17.6 %), C 16 : 0 (14.2 %) and C 16 : 1 v11c (10.3 %), which are characteristic of numerous members of the genus Bacillus (Kämpfer, 1994). The results of the phylogenetic analysis and of morphological and chemotaxonomic investigations supported the affiliation of strain JSM 100118 T to the genus Bacillus. However, the cream-grey pigmentation and the ability to hydrolyse Tween 60, as well as the discriminative result of the methyl red test and the significant amount of C 16 : 1 v11c, differentiated the isolate clearly from its closest phylogenetic relatives (Tables 1 and S1 ). Also, the DNA-DNA hybridization data clearly separated strain JSM 100118
T from the most closely related species. Therefore, on the basis of these polyphasic taxonomic data, strain JSM 100118 T should be classified in the genus Bacillus as a member of a novel species, for which we propose the name Bacillus crassostreae sp. nov.
Description of Bacillus crassostreae sp. nov.
Bacillus crassostreae (crass.os9tre.ae. N.L. gen. n. crassostreae from the oyster Crassostrea honkongensis).
Cells are catalase-and oxidase-positive, facultatively anaerobic, motile, Gram-stain-positive rods, approximately 0.6-0.8 mm wide and 2.0-4.0 mm long, occurring singly, in pairs or short chains, and bear oval endospores that locate sub-terminally in swollen sporangia. Colonies are creamgrey-pigmented, non-transparent, low convex with circular/slightly irregular margins, 2-3 mm in diameter after incubation on MA (pH 7.5) at 35 u C for 2-3 days. No diffusible pigments are produced. Growth occurs with 0-13 % (w/v) NaCl (optimum 2-5 %), at pH 5.5-10.0 (optimum pH 7.5) and at 5-50 u C (optimum 30-35 u C). Positive results for tests of methyl red and nitrate reduction, but negative results for citrate utilization, nitrite reduction, Voges-Proskauer, H 2 S and indole production. Aesculin, gelatin, starch, Tweens 20, 40 and 60, and , was isolated from a homogenate of an oyster (Crassostrea hongkongensis) collected from Naozhou Island in the South China Sea. The DNA G+C content of the type strain is 35.9 mol% (HPLC method).
